Abstract. This paper studies the effects of environmental factors on compressive properties of laminated composites containing a circle hole. compressive tests were conducted on three types of specimens that are exposed to low temperature, room temperature and hygrothermal environment respectively. The tests were carried out according to the ASTM D 6484. The results of moisture absorption tests indicated that the saturated moisture content of the specimens was around 0.7%. Compressive tests showed that the strength and stiffness increased with the content of 0° fiber, the strength and stiffness increased in low temperature environment and deceased in hygrothermal environment.
Introduction
Advanced composites have been widely used in aerospace, sports, medical engineering and energy industries due to their high strength/weight ratios and stiffness/weight ratios [1] .During the wide range of applications they have to be faced with different working environment conditions. But they are very susceptible to the environment conditions, so it is essential to have a detailed understanding on it to help the design of composite structures.
Many investigations indicate that composite materials are susceptible to moisture absorption. Many of their main properties, including coefficient of thermal expansion, modulus, glass transition temperature and viscoelastic behavior can change significantly after exposure to moisture [2, 3] . During the moisture absorption, physical changes such as micro-cracks propagation and swelling, as well as chemical changes such as hydrolysis and chemical scission increase, which can degrade properties of the materials [4] [5] [6] . The interface between fiber and matrix can also easily influenced by moisture absorption because matrix is easy to absorb water which leads to volume expansion, while carbon is almost non-absorbent, so that the resin's swelling generates stress and can cause interface debonding [7, 8] .In addition, water could interrupt the chemical bonding of the matrix or the interface, and could change the network structure of the matrix, hereby degrading material performance [9, 10] . The high temperature is another important factor leading the degradation of mechanical properties [11, 12] . Rui-Hua Hu's study indicates tensile strength of composite laminate severely decreased when exposed to hygrothermal condition [13] .Zhuan Quanwei investigates compressive strength of open hole laminate under high temperature [14] .Peng Lei suggested that the tensile and compressive strength and stiffness of open hole laminates decrease in hygrothermal conditions [15] .
The widely applications of composite under low temperature condition promote the research of cryogenic mechanical properties. According to the recent studies, the strength and stiffness will be affected under low temperature. Many researchers present different views on this subject. Under low temperature condition micro-cracks can grow in the composite matrix due to the different coefficients of thermal expansion between the fiber and matrix and between different angle layers. As a result, this structural damage gives rise to the degradation of mechanical properties in the structures. [16] [17] .
The researches about composite mechanical properties under hygrothermal and low temperature condition during recent years mainly depend on laminates. Open hole is the commons shape of composite structure. The fibers were partly cut down by the open hole and will lead the stress concentration, which has significant influence on the mechanical properties. Fewer papers have been published on the effect of environment factors on mechanical performance of open hole laminates.
The main objective of this investigation is to study the effects of environment conditions on mechanical properties of open hole laminates by using test methods and further discuss and analysis the results.
Experimental methods

Specimens and environment.
Specimen material was CCF300/BA9916 carbon fiber reinforced epoxy prepreg. Both tensile and compressive specimens were included with the geometry size 300×36×2.5mm as shown in Fig  1 . Table 1 shows the specific lay-up of the laminates. the specimens were stored and tested under -60° environment;(b) ambient condition: the specimens were exposed to room temperature;(c) hygrothermal: the specimens were immersed on the condition of 70° and 85% humidity until reaching a saturated moisture content.
Moisture absorption tests
Moisture absorption tests were conducted according to Chinese standard HB 7401-96 to investigate the changes in weight of the specimens by the environmental cabinet LSH-100CH. The weight equipment is PTT-A300 with the precision of 1mg.The specimens were stored in an environmental cabinet at 70°C and 85% humidity, weighted and recorded every 24 hours until the change in weight calculated by Eq.(1) was less than 0.02%.The water gain percentage is calculated by the Eq.(2).
Where t W is the wet weight and 0 W is the dry weight of the specimen.
Open hole compressive tests
The tests were conducted according to the ASTM D 6484 [18] under each environment condition. In the case of each condition, three types of stacking sequences were included with six specimens each. All specimens were loaded quasistatically in compression, in stroke control at a rate of 0.02 mm/s by MTS 810.The stiffness calculated by the signal was collected by the strain gauge. The test fixture was
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designed to prevent the instability of the specimens. The parameters of the fixture did not allow to measure the hole deformation data. Fig. 2 shows the variation of moisture absorption for a type laminate as a function of time. From the figure it is clear that the rate of moisture absorption was high within 200h, subsequently dropped, and reached the equilibrium state after 1200 hours. The saturated moisture content of three types specimens is presented in Table 2 .From the table we can know that the laminate type does not affect the saturated moisture content. Fig 3 shows OHC strength test results for the three types of specimen according to environment. As shown in Fig 3(a) , the tensile strength of A, B, C type specimen increased in turn under each condition. As revealed in Fig 3(b) , strength under low temperature was higher than strength under room temperature, and strength under room temperature was higher than strength under hygrothermal conditions. The values are listed in Table 3. OHC stiffness tests in different environment for different types of specimens are shown in Fig 4. The stiffness of A, B and C type specimens increased in turn under each condition . Fig 4(b) shows where stiffness in room temperature was lower than stiffness in low temperature and higher than stiffness in hygrothermal condition. To the room temperature condition, when 0°fiber content increased from 30% to 40%, the compressive strength increased 9.9% and the stiffness increased 11.7%, from 30% to 50%, the strength increase d 24.3% and the stiffness increased 34.8%.The similar conclusion can be drawn for low temperature condition and hygrothermal condition. This phenomena proves that the content of 0° fiber influence the strength and stiffness significantly.
Results and discussion
Moisture absorption
Static open hole compressive tests
Under the low temperature condition the compressive strength of A, B and C type specimen increased 10.14%, 5.72%, 6.42% the stiffness increased 6.57%, 7.78% and 8.31% respectively. Low temperature condition enhanced matrix stiffness and caused transverse shrinkage of both matrix and fiber. Matrix shrinkage was more obvious than fiber shrinkage, which increased the interfacial force between the fiber and matrix. These two reasons lead the strength and stiffness increasement of OHC specimens under low temperature condition.
The strength of A, B and C type specimens decrease 23.24%,22.78% and 19.80% and the stiffness decrease 9.17%,8.15% and 6.73% under hygrothermal condition. During moisture absorption, immersed water molecules directly influence adhesive strength, decreasing the friction and shear strength of the interface. At high temperature, the strength and stiffness of matrix falls down rapidly. These two reasons make the high degradation of strength and stiffness of the specimens.
Conclusion
A series of experiments were conducted to study the effects of environment on static compressive properties of carbon/epoxy composite laminates that are exposed to low temperature, room temperature and hygrothermal environments, respectively. Through systematic investigation, there were four main conclusions to be drawn:
(1) The saturated moisture content of CCF300/BA9916 specimens is around 0.7% under the condition of 70°C and 80% humidity.
(2) Compressive tests prove that tensile strength, stiffness and hole deformation increase with the content of 0° fiber. The tensile strength and stiffness increase under low temperature environment and hygrothermal condition decreases the tensile strength and stiffness.
